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Background: The reports of ultrasound evaluation of lower limb veins are difficult to understand 
by general practitioners (GPs) and physicians who are not specialized. We developed software 
for a three-dimensional (3D) electronic report of venous hemodynamic mapping (MEVeC®) in 
order to represent lower limb venous vasculature in a 3D way. The aim of the study is to compare 
the novel 3D report with the standard report. 

Methods: Thirty subjects (medical students and GPs) evaluated a standard report and a novel 
3D report of the lower limb veins of a prespecified patient. The cases were randomly and blindly 
taken from an archive of 100 cases. GPs and students answered a questionnaire made up of 
1 3 questions that were structured in order to investigate the readability and comprehension of 
the two reports. A score ranging from 0 to 10 (0= not understandable; 10= full comprehen- 
sion) was attributed to each report for each question according to the readability of the venous 
scheme proposed. 

Results: The scores from each question of the questionnaire were compared. The 3D report 
(MEVeC) obtained higher scores than those from the evaluation of the standard report 
(P<0.0001). Each question revealed the superiority of the 3D report (MEVeC®) as compared 
with the standard report of the ultrasound evaluation of lower limbs. When dividing the scores 
according to percentiles, the 3D report (MEVeC s ) still continued to show more readability than 
the standard report in a statistically significant way (P<0.0001). 

Conclusion: The new 3D report (MEVeC 8 ) concerning ultrasound evaluation of lower limb 
veins is more reproducible than the standard report when evaluated by medical physicians not 
specialized in the evaluation of the vein tree of lower limbs. 

Keywords: vein 3D report, ultrasound evaluation, lower limb veins, standard report 

Introduction 

Chronic venous diseases are pathologies able to deeply and negatively influence the 
quality of life of the patients due to the effects that venous hemodynamic impairment 
in the lower limb vasculature induce in these individuals: eg, impaired wound healing 
and ulcer formation; venous thrombi formation and related embolic events; chronic 
calf, ankle, and foot swelling; and leg ache. 1 In Western countries the prevalence of 
chronic venous diseases ranges from 27% to 55% in the general population, with 
an annual incidence equal to 2.6% in women and 1.9% in men. 2 ^ 1 The large number 
of patients suffering from such a disease makes diagnosis a fundamental step in the 
general management of the pathology. By refining diagnosis techniques, physicians are 
able to depict more precisely the morphological venous alterations in order to better 
understand the venous hemodynamics altered by the veins' impairment, and to adopt 
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targeted surgical and pharmacological interventions able to 
guarantee long-term success in terms of improvements in 
quality of life and disease progression. 12 

Echo color Doppler (ECD) allows physicians to eas- 
ily detect abnormalities in lower limb veins in terms of 
morphological and functional impairments. Thus, ECD has 
become the gold standard method to evaluate the lower limb 
venous system, reaching sensitivity and specificity as high 
as 96% and 99%, respectively, as compared with invasive 
phlebography assessment. 5 - 6 In order to reach a better under- 
standing of the complex abnormalities in lower limb veins' 
structures, accurate graphic representations of the deep and 
superficial venous systems of the lower limbs, were real- 
ized. 7 - 8 This generated the era of venous mapping of venous 
lower limb vasculature. A further simplification of such an 
evaluation came from our previous work, which validated 
the development of a new and faster method for evaluation 
of the venous vasculature of lower limbs, in order to obtain 
more easily standardized venous mapping. 9 Nevertheless, 
one of the major limitations of such an approach is the dif- 
ficulties in the interpretation and readability of the venous 
maps for nonspecialized physicians. In order to overcome 
such difficulties, a three-dimensional (3D) approach was 
proposed. Leotta et al 10 first tried to propose a 3D evalua- 
tion of lower limb veins. They used complex computational 
analyses of peripheral vein grafts of the lower limbs in order 
to obtain a full image of them. Nevertheless, after their first 
attempt, no others have been performed until now. Our group 
produced a 3D ECD report (3D report) able to give a full 
visualization of the deep and superficial venous mapping of 
lower limbs. Dedicated software (MEVeC 8 ; Health Depart- 
ment, Tecnopolis, Science and Technology Park, University 
of Bari, Bari, Italy) is able to give a 3D report that makes 
comprehension of the venous vasculature of the lower limbs 
and its alterations in morphology and hemodynamics easier 
for nonexpert physicians. 

The aim of our study is to compare a 3D report 
(MEVeC*') with the standard report in order to demonstrate 
the superiority of the former over the latter. Furthermore, we 
tried to demonstrate the easy comprehension of a 3D report 
over the standard report for general practitioners (GPs) and 
medical students. 

Materials and methods 

The study protocol was approved by the local eth- 
ics committee and was in agreement with the Helsinki 
Declaration. Informed consent was obtained from the patients 
and from the enrolled subjects. 



One hundred cases of lower chronic vein disease 
were considered. The cases came from 100 consecutive 
patients attending the Angiology Ambulatory, Section of 
Cardiovascular Diseases, Department of Emergency and 
Organ Transplantation (DETO), University of Bari, Bari, 
Italy, due to chronic vein diseases of lower limbs. Due to 
the consecutive enrollment, we considered patients suffering 
from venous insufficiency and venous thrombosis, and some 
of the final population sample showed no vein alterations. 

All subjects underwent Doppler ultrasound evaluation of 
deep and superficial veins of lower limbs. 

A total of 30 subjects among GPs and medical students of 
the University of Bari, School of Medicine, Bari, Italy, were 
further enrolled in order to evaluate the 3D report (MEVeC*) 
and standard venous mapping, by means of a dedicated 
questionnaire. To the best of our knowledge, the 3D software 
(MEVeC®) is unique in its form. It was registered and patented 
in order to provide official affiliation to our research group. 

Ultrasound evaluation of lower limbs 

One hundred patients underwent Doppler ultrasound evalu- 
ation of deep and superficial veins of lower limbs. In order 
to reduce bias, a single expert physician performed all the 
evaluations by means of a multifrequency 7.5-10 MHz 
Doppler ultrasound probe (Sonos 1500B; Hewlett Packard, 
Palo Alto, CA, USA). The ultrasound examinations were 
performed in a warm room (mean temperature 1 8°C-22°C) 
in agreement with our previously standardized ECD protocol.' 
In particular, the patients were examined in a standing position 
in order to detect venous morphology, the presence of venous 
reflux, or vein thrombosis. The limbs were subdivided into 
four topographical sections : 1 ) from the midpoint of the thigh 
to the inguinal ligament, 2) from the kneecap to the midpoint 
of the thigh, 3) from the midpoint of the calf to the kneecap, 
and 4) from the heel to the midpoint of the leg. The deep and 
superficial veins of each section were investigated. 9 

All data from ECD were firstly reported on a two- 
dimensional (2D) scheme representation where physicians 
can depict the venous anatomy and the main alterations 
in hemodynamics of lower limb veins. This constitutes 
the standard 2D report adopted in order to describe the 
morpho functional situation of lower limb veins (Figure 1, 
right side). This standard 2D report was linked to the standard 
report that reported on paper the narrative expression of the 
ultrasound evaluation (Figure 1, left side). 

We managed a further, novel 3D report for each patient 
evaluated. We created dedicated 3D electronic report software 
(venous hemodynamic mapping [MEVeC®]). This software 
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Standard report 

Patient's anagraphical data 

Surname: 



Lateral 



Name: 
Age:__ 



Standard 2D report 
Anterior Right^ j 



Echo color Doppler of lower limb veins 

Deep and superficial veins of lower limbs were 
explored. 

Results 

The deep venous vasculature was free of thrombi. 

Right side: Incontinence of the sapheno-femoral 
cross junction. Internal saphenous vein shows 
reflux condition through its entire course in the thigh 
and in the upper third of the leg. The accessory 
posterior vein of the internal saphena is 
incontinent at the level of the upper third of the 
leg, although at the same level the internal 
saphenous vein is continent. This accessory vein is 
laterally and downward directed till reaching a 
perforating vein. 

Left side: Nothing to report. 

Conclusion 
Chronic venous disease. 




Great 
saphena 



Medial 



Posterior 



Figure I Comparative representation of the standard report on paper (scheme on the left) and a two-dimensional (2D) report (scheme on the right). 

Notes: The two black boxes represent the cross where superficial venous system links to deep venous one. In particular, the upper black block is the saphenous-femoraf 

cross, while the middle black block is the saphenous-popliteal cross. 



allows physicians to create a 3D image of deep and superficial 
lower limb vasculature, to introduce all the symbols able to detect 
morphological and functional impairment of the veins and the 
collateral course, and to rotate and zoom the image (Figure 2). 
The frontal, posterior, medial, and lateral views of the entire 3D 
map belonging to a patient are represented in Figure 2. 



3D-report (MEVeC®) 




Frontal view Posterior view Medial view Lateral view 

Figure 2 Frontal, posterior, medial, and lateral view of the three-dimensional (3D) 
report (MEVeC®; Health Department, Tecnopoiis, Science and Technology Park, 
University of Bari, Bari, Italy). The arrows directed downward express the presence 
of a venous reflux. The upward arrows indicate the continence of the veins. The 
interactions between deep and superficial veins are clearly expressed. 



Figure 3 represents the screen that appears when per- 
forming the 3D evaluation. On the right side of the screen, 
physicians can find the navigation buttons, which allow 
rotation of the image. Furthermore, the "Symbols" zone 
includes buttons able to make the symbols appear in the 
3D image. Each symbol represents peculiar hemodynamic 
and/or anatomic venous alterations, such as the presence of 
reflux, the presence of a thrombus, and the absence of a vein 




Figure 3 The visual screen example appearing when performing a three-dimensional 
evaluation. 
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due to previous interventions on the venous vasculature. The 
"Design" section allows evaluation of the reflux times and 
the ability to insert them into the final report. 

The questionnaire 

The 30 enrolled subjects (GPs and medical students) were 
asked to compare the standard report and the 3D report. 
The comparison was undertaken by means of a dedicated 
questionnaire, which was administered by a physician 



who was obliged not to give any help or to influence the 
answers. 

We tried, not only to obtain a declaration of clarity of 
the new method as compared with the standard 2D report, 
but also to determine whether the studies were correctly 
interpreted, in order to have a complete evaluation of the 
advantages of the new 3D map. 

An example of the adopted questionnaire is represented in 
Figure 4. The questionnaire was made up of 13 questions all 



QUESTIONNAIRE 

Please give a score from 0 to 10 to each question for each imaging report of venous lower limbs. 

1 ) Global judgment about the readability and comprehension of each kind of report. 





MEVeC® 




STANDARD 




2) 


1 s ' quartile: are you able to understand the exact delimitation of the venous refluxing traits? 




MEVeC® 




STANDARD 




3) 


1 s ' quartile: can you understand the precise delimitation of venous thrombotic traits? 




MEVeC® 




STANDARD 




4) 


1 s ' quartile: are you able to understand the exact origin and course of the saphenous 
collateral veins? 




MEVeC® 




STANDARD 




5) 


2 nd quartile: are you able to understand the exact delimitation of the venous refluxing traits? 




MEVeC® 




STANDARD 




6) 


2 nd quartile: can you understand the precise delimitation of venous thrombotic traits? 




MEVeC® 




STANDARD 




7) 


2 nd quartile: are you able to understand the exact origin and course of the saphenous 
collateral veins? 




MEVeC® 




STANDARD 




8) 


3 rd quartile: are you able to understand the exact delimitation of the venous refluxing traits? 




MEVeC® 




STANDARD 




9) 


3 rd quartile: can you understand the precise delimitation of venous thrombotic traits? 




MEVeC® 




STANDARD 




10) 


3 rd quartile: are you able to understand the exact origin and course of the collateral veins? 




MEVeC® 




STANDARD 




11) 


4 th quartile: are you able to understand the exact delimitation of the venous refluxing traits? 




MEVeC® 




STANDARD 




12) 


4 th quartile: can you understand the precise delimitation of venous thrombotic traits? 




MEVeC® 




STANDARD 




13) 


4 th quartile: are you able to understand the exact origin and course of the saphenous 
collateral veins? 




MEVeC® 




STANDARD 





Figure 4 The questionnaire adopted to compare a standard report and a three-dimensional MEVeC® (Health Department, Tecnopolis, Science and Technology Park, 
University of Bari, Bari, Italy) report. 



J J 2 submit your manuscript | www.dovepress.com 

Dovepress 



Vascular Health and Risk Management 20 1 4: 1 0 



Dovepress 



A 3D venous lower limb report versus a standard report 



related to the standard report and the 3D report representations. 
Each question explored a particular aspect of the venous 
mapping. Under each question there was a table reporting the 
names of the two reports. The enrolled 30 subjects were asked 
to give a score from 0 (not understandable or comprehensible) 
to 10 (completely clear and comprehensible) for the MEVeC® 
report and the standard report. 

Statistical analysis 

The continuous variables were expressed as mean + 
standard deviation. We used the Wilcoxon signed-rank 
test, which is a nonparametric statistical hypothesis test 
able to compare two related, matched samples or repeated 
measurements on a single sample in order to assess whether 
mean values from the population differ (ie, it is a paired 
difference test). P<0.05 was considered statistically 
significant. 

Results 

Table 1 identifies the comparisons between the 3D elec- 
tronic report (MEVeC*) and the standard report according 
to questionnaire answers. The answers to each question and 
the relative scores for each kind of report are gathered and 
compared in this table. 

The 3D electronic report (MEVeC®) was more compre- 
hensible than the standard report. The mean values of the 
scores showed higher statistically significant ratings for the 
MEVeC® report than for the standard report (P<0.000 1 ). By 
analyzing each question's answer, it was clear that the stan- 
dard report reached a nonsatisfactory level of comprehension 
for GPs and medical students, as demonstrated by an overall 



Table 


1 Comparison between 


a three-dimensional (3D) elec- 


tronic 


report (MEVeC®) and a 


standard report, 


according to 


questionnaire answers" 






Question Standard report 


3D report 


P-value 


1 


6.50±0.90 


9.80±0.48 


<0.000l 


2 


6.23±l.04 


9.30±0.79 


<0.000l 


3 


6.27±I.0S 


9.23±0.77 


<0.000l 


4 


6.33±l.06 


8.80±0.92 


<0.000l 


5 


6.53+1.14 


9.07±0.78 


<0.000l 


6 


6.27±l.28 


9.00±0.83 


<0.000l 


7 


6.40±l.38 


9.I0±0.88 


<0.000l 


8 


6.57±l.43 


9.27±0.74 


<0.000l 


9 


6.77±I.6S 


9.I7±0.87 


<0.000l 


10 


6.50±l.33 


9.00±0.98 


<0.000l 


1 1 


6.67±I.2I 


8.97+1 .10 


<0.000l 


12 


6.67±l.03 


8.83±l.26 


<0.000l 


13 


6.60±l.07 


8.73±0.94 


<0.000l 



Notes: a Data are expressed as mean + standard deviation. Wilcoxon signed-rank test 
has been used for the comparisons between variables MEVeC® (Health Department, 
Tecnopolis, Science and Technology Park, University of Bari, Bari, Italy). 



mean score <7 for all the questions. On the contrary, the 3D 
report (MEVeC®) reported a score s9: ie, a score revealing a 
great degree of comprehension of the ultrasound evaluation 
of lower limb vein morphology and function. In particular, 
question 1, which reported the global judgment about the 
readability and comprehension of each kind of report, pointed 
out the net difference between the two reports (standard 
report: 6.50+0.90 versus 3D report [MEVeC*]: 9.80+0.48, 
P<0.0001) (Table 1). 

Table 2 evaluates the percentile distribution of the 
answers for each report and for each question. Once more, 
the score from all questions and among all the percen- 
tiles considered revealed the superiority of the 3D report 
(MEVeC®) over the standard report (P< 0.0001 for all 
questions and among the different groups of percentiles). 
When considering once again the first question comparing 
the entire comprehension and readability of the two reports, 
we observed a really poor understanding of the standard 
report as compared with the 3D report (MEVeC®). In fact, 



Table 2 Percentile 


distribution 


of the 


scores 


from the 


questionnaire 


dealing 


with a comparison 


between 


a three- 


dimensional electronic 


report (MEVeC®) and 


a standard report 


Question 


Report 


Percentile 




P-value 






25th 


50th 


75th 




1 


Standard 


6.00 


6.00 


7.00 


<0.000l 




MEVeC® 


10.00 


10.00 


10.00 




2 


Standard 


5.00 


6.00 


7.00 


<0.000l 




MEVeC® 


9.00 


9.00 


10.00 




3 


Standard 


5.75 


6.00 


7.00 


<0.000l 




MEVeC® 


9.00 


9.00 


10.00 




4 


Standard 


6.00 


6.00 


7.00 


<0.000l 




MEVeC® 


8.00 


9.00 


10.00 




5 


Standard 


6.00 


6.00 


7.00 


<0.000l 




MEVeC® 


8.00 


9.00 


10.00 




6 


Standard 


5.00 


6.00 


7.00 


<0.000l 




MEVeC® 


8.00 


9.00 


10.00 




7 


Standard 


5.00 


6.00 


7.00 


<0.000l 




MEVeC® 


8.00 


9.00 


10.00 




8 


Standard 


5.75 


6.00 


8.00 


<0.000l 




MEVeC® 


9.00 


9.00 


10.00 




9 


Standard 


5.75 


6.00 


8.00 


<0.000l 




MEVeC® 


9.00 


9.00 


10.00 




10 


Standard 


5.00 


6.00 


7.00 


<0.000l 




MEVeC® 


8.00 


9.00 


10.00 




1 1 


Standard 


6.00 


6.00 


7.25 


<0.000l 




MEVeC® 


8.00 


9.00 


10.00 




12 


Standard 


6.00 


6.50 


7.25 


<0.000l 




MEVeC® 


8.00 


9.00 


10.00 




13 


Standard 


6.00 


6.00 


7.25 


<0.000l 




MEVeC® 


8.00 


9.00 


9.25 





Note: MEVeC® (Health Department, Tecnopolis, Science and 
Technology Park, University of Bari, Bari, Italy). 
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the 3D report (MEVeC*) reached a full score (equal to 10) 
in all the percentile groups. 

Discussion 

The aim of this study was to compare a new 3D report 
(MEVeC®) for the evaluation of lower limb venous vascula- 
ture with the well-established standard report of the classic 
venous hemodynamic mapping of the venous vessels of the 
lower limbs. 

It is well established that chronic venous disease is a 
pathological condition widespread in Western countries. 2 ^ 
In parallel, one of the major problems related to these kinds 
of diseases is the great difficulty in obtaining, firstly, a stan- 
dardized evaluation and, secondly, a really comprehensible 
and understandable evaluation." Hertzberg et al 12 found 
a correlation between the subjective vein size evaluation 
from an experienced ultrasonographer and the measure- 
ments from objective measurements of vein diameters. 
Nevertheless, although these data were ascertained for 
experienced ultrasonographers, their reproducibility among 
GPs and medical students could be reduced due to their 
limited experience. 

Interesting findings came from Haenen et al. 13 They tried 
to evaluate interobserver variability coefficients of common 
duplex ultrasound in patients previously diagnosed with 
deep venous thrombosis. They found an interobserver vari- 
ability coefficient for compressibility equal to 0.77, whereas 
according to reflux it was calculated as equal to 0.86. 13 Such 
good results are in agreement with other previous papers, 14 
and pointed out the need for the correct setting of ultrasound 
machines, in order to achieve better results in the definition 
of the images, and in their reproducibility. 15 Nevertheless, 
findings from Linkins et al 16 were not in agreement with pre- 
viously cited papers. Linkins et al 16 effectively demonstrated 
that there was poor reproducibility in the examination of the 
lower limb veins between different operators. The authors 
evaluated residual vein diameter, venous flow, and echogenic- 
ity of of the lower limbs veins of patients suffering from deep 
vein thrombosis. Although the variability of intraobserver 
coefficient was good (r 2 =96%), and despite the experience 
of physicians in the ultrasound evaluation of venous diseases, 
there was a significant reduction in the same coefficient when 
applied to interobserver variability. In fact, it reached poor 
levels for all the evaluated veins' characteristics: r 2 =l2% 
for residual vein diameter, weighted kappa coefficient (Wn) 
=0.51 (95% confidence interval 0.24-0.78) for venous flow, 
and Wn =0.01 for echogenicity (95% confidence interval 
0-0.03). 16 



Similar limitations were found by Yamamoto et al, 17 who 
compared ultrasound evaluation of the lower limb veins 
with intraoperative evaluation and found a poor result for 
ultrasound in offering a reliable comparison with data from 
intraoperative evaluation of veins. 

Thus, there is a real need for standardization in the evalu- 
ation of lower limb vasculature. Venous mapping has been 
considered a tool able to improve comprehension of venous 
vascular course, alterations in its morphology, and patho- 
logical changes in its function. 918 20 Venous mapping is a 2D 
scheme of the venous tree of lower limbs. The symbols and the 
overall representation give a frank account of the hemodynam- 
ics of the venous tree and allow expert physicians to follow-up 
chronic venous diseases and to target the appropriate surgical 
and/or therapeutic intervention. 918-20 Nevertheless, one of its 
limitations is the limited comprehension and readability of 
such a map. Only experts in angiology are experienced enough 
to understand the map, whereas GPs and/or medical students 
(ie, physicians not skilled in angiology) often remain unable 
to understand the vein vasculature and its alterations, after 
observing such a map. 

Thus, new methods to promote a better approach to such 
a disease were developed, involving 3D imaging. Computa- 
tional models tried to develop new perspectives in the evalu- 
ation of the venous system and its features. 21 First attempts 
were made by Leotta et al, 10 who developed a 3D ultrasound 
evaluation of peripheral vein grafts based on complex math- 
ematical algorithms. Nevertheless, their map was not reliable 
and was confusing. Our 3D report (MEVeC®) overcame 
the limitations of the previous 3D mapping of lower limb 
venous vasculature. In particular, our results demonstrated 
that the 3D software generated a venous map that was more 
comprehensive and reliable than the standard report. To the 
best of our knowledge, this is the first approved 3D map for 
lower limb venous vasculature. No study has ever evaluated 
a 3D report of venous ECD of the lower limbs and, above 
all, its practical use in general medicine. 

Our results demonstrated the superiority of the new 
3D report over the standard report. When evaluated by 
GPs and medical students, the 3D report (MEVeC®) was 
more understandable than the standard protocol. Even the 
percentile comparisons continued to reveal the superior- 
ity and clarity of the 3D report (MEVeC®) over the classic 
hemodynamic maps. 

Thus, the software may soon enter clinical practice in 
order to assist physicians in venous ECD of lower limb 
reporting. In particular, vascular ultrasound experts have a 
tool able to give a full 3D picture of both the hemodynamics 
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and the morphology of the veins in the lower limbs. They can 
easily follow the course of the veins and their abnormalities 
through the limbs, because the 3D map is more clear than the 
2D one. Naturally, more studies are needed in order to define 
the advantages of 3D maps over 2D ones. Nevertheless, the 
3D report (MEVeC*) can be useful for GPs in their clinical 
practice. They can immediately have an overview of the lower 
venous limb vasculature of their patients, thus defining the 
exact alteration of this structure and therefore improving the 
knowledge of their patients' venous disease. This increased 
understanding about vascular alterations will increase the 
compliance of the patients toward the therapies and toward 
the advise of the physicians, and this will surely improve the 
quality of life of such individuals. 

Also, the software could be used as a simplified tool to 
enable students to better learn the characteristics of the venous 
system of the lower limbs and its pathological degeneration. 
The student will be able to easily understand the course of the 
veins and the diseases that could affect such a vascular area. 
Further studies are needed in order to validate 3D reports 
(MEVeC®) in larger cohorts and different settings. 
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